ABSTRACT: Variance components were estimated for maturing age, first litter size, and animal size in Finnish minks. The fitted animal models had direct genetic and maternal genetic effects, litter effects, and maternal environmental effects. Multivariate analysis was performed to determine covariances between the traits. Maternal effects represented a significant source of phenotypic variance in the maturation age and animal size. For litter size, maternal effects were not as clear. Moreover, in maturation age and animal size, the covariance between the direct additive effect and the maternal additive effect was negative. In addition, litter effect variances were larger than maternal variances for all traits. Therefore, it is crucial to also estimate environmental effects common to littermates for these traits. Direct heritability and the response to selection are overestimated, especially for maturation age and also for animal size, when maternal and common litter effects are not considered.
INTRODUCTION
The most important traits in mink breeding are litter size (LS), fur quality, and animal size. Increased body size has a negative impact on LS (Lagerkvist et al., 1994; Rozempolska-Rucińska, 2004; Koivula et al., 2008) . A similar relationship has also been observed in blue fox (Peura et al., 2004 (Peura et al., , 2007 , and in dairy cows, where larger cows tend to be relatively less fertile than smaller cows (Haile-Mariam et al., 2004) . In pigs, the relationship between LS and performance or carcass traits is zero or slightly unfavorable (Serenius et al., 2004) . In general, information about the relationship between LS and body size is scarce. Maturing age also can affect prolificacy. In blue fox, Peura et al. (2004) concluded that too early or too late estrus is associated with smaller LS. Maternal effects have been demonstrated in fur animals (e.g., Rozempolska-Rucińska, 2004; Rozempolska-Rucińska et al., 2006; Fredberg et al., 2006) , but there is no information on how direct and maternal genetics differ in LS, maturation age, and animal size in minks.
Maternal effects are considered to be important when the phenotype of the dam influences the phenotype of the offspring independently of the direct effect of the genes the offspring inherited. Maternal effects may be due to genes that a mother is carrying, as well as to the environment she experiences (Willham, 1972; Wilson et al., 2005) . In the first case, maternal genetic effects represent a heritable source of phenotypic variance. Phenotypic responses to selection may be accelerated by maternal genetic effects, but can also be dampened if there is negative covariance between direct and maternal genetic effects (Kirkpatrick and Lande, 1989) . When maternal effects have significant influence on the variance of a trait, a model containing the maternal additive genetic effect, in addition to the additive effect of the individual, should ensure more precise estimation (Roehe and Kennedy, 1993; Lykins et al., 2000) .
Many important traits in animal production are affected by maternal effects. Thus, estimation of maternal genetic effects has a long history in animal breeding. Many studies of cattle, sheep, and poultry have shown the importance of heritable maternal effects (Meyer, 1992; Roehe and Kennedy, 1993; Tosh and Kemp, 1994; Eler et al., 1995; Lykins et al., 2000; Johnson et al., 2002; Pakdel et al., 2002) .
The aim of this study was to estimate variance components for maturing age, first LS, and animal size in Finnish minks. We fitted several animal models to separate direct genetic and maternal genetic effects, litter effects, and maternal environmental effects. Multivari- 
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because the data were obtained from an existing database (Finnish Fur Breeders' Association).
Mink data were obtained from the Finnish Fur Breeders' Association. Data for variance component estimation were sampled from the full data that had information on 2.8 million animals. To have genetic ties between the sampled farms, one criterion for data sampling was that the farms were known to have breeding co-operation. The data sample had observations from 82,945 minks from 9 farms and from years 1990 to 2004. The pedigree file contained 103,489 animals.
The traits studied were the first LS, maturation age (MAT), and animal size (AS). Litter size was observed at 2 wk from whelping. The MAT was defined as the number of days between the birth date of an animal and the first recorded mating. Animal size was a subjective grading measurement recorded from 1 to 5, class 1 being the poorest (in grading size the smallest) and 5 the best class (in grading size the biggest).
For estimation of (co)variance components, the full mixed linear model was
where y is a vector of observations, and b contains the fixed effects of farm-year, time of birth for animal (3 classes: 99 to 119, 120 to 140, and 141 to 160 d from the beginning of the year), number of matings (3 classes: 1, 2, or >2 matings/season), age of dam (3 classes: 1, 2, >3 yr old), and sex (3 classes: male, female, unknown). The random effects of direct genetic in a, maternal genetic in m, nongenetic maternal permanent environment in d, and common litter in c were related to individual records with the corresponding design matrices Z 1 , Z 2 , Z d , and Z c , respectively. X is the incidence matrix for the fixed effects, and e is the random residual.
It was assumed that random effects were independent. In particular, the variances were assumed to be In the presence of maternal genetic effects, heritability as a ratio of additive genetic variance to total phenotypic variance will not necessarily provide a correct estimate of the selection potential. Therefore, total heritability incorporating variance from heritable maternal effects and the direct-maternal genetic covariance was calculated with the formula h tot
. / (Willham, 1972) . Fixed effects for the traits were analyzed with a general linear model by excluding random effects other than residual using the GLM procedure (SAS Institute Inc., Cary, NC). Restricted maximum likelihood estimates of (co)variance components were calculated with DMU software (Madsen and Jensen, 2000) . Model comparison was based on delta Akaike information criterion (AIC; Δ i ; i.e., the AIC value of a given model relative to best model in the set). When Δ i is less than or equal to 2, the given model is suggested to be within the range of plausible models to best fit the observed data (Burnham and Anderson, 2004 ). Eight models were tested with different combinations of the random components: direct genetic effect of animal i (a i ), maternal genetic effect of dam j of animal i (m j ), nongenetic effect of dam j (d j ), and common litter effect of litter k (c k ). After choosing the appropriate random effect structure for each trait from the single-trait models, a 3-trait model was used to estimate genetic correlations between the traits. Table 1 shows statistical significance of fixed effects. Means and SD for the LS, MAT, and AS are in Table  2 . Coefficient of variation was considerable for LS and AS. Average MAT was 311.14 d, which is about 10.4 mo. Standard deviation and, consequently, also the CV were much less for MAT than for the other traits (0.015 for MAT compared with 0.23 for AS and 0.39 for LS). Average grading score for AS should be about 3 on the farm each year. However, slightly greater scores are typical, and thus, the mean AS was 3.69 in the current data.
RESULTS

Mean and Variation
Genetic Parameters and Permanent Environmental Effects
Estimated direct and maternal heritabilities, directmaternal genetic correlations, litter effects, and maternal permanent environment effects, as well as delta AIC from the univariate models are shown in Table  3 . Considerable differences existed in variance components and, thus, parameter estimates across models.
The additive genetic and litter effects were significant for all traits. Litter effects were larger (0.02 to 0.44) than maternal heritabilities for all traits.
The best model for all traits was model 5 when models without maternal genetic effects were compared (models 5 to 8). Model 5 included animal, common litter, and maternal permanent environment effects (Table 3) . However, for LS, the maternal permanent environment effect was almost 0. Presumably more dams with several litters would have made it easier to distinguish the effects of litter and maternal permanent environment from each other. For MAT and AS, use of a model with only the animal effect (model 8) resulted in too high estimates of direct heritability (0.28).
For MAT model 1 performed better than the other models (Table 3) . However, the simplest plausible model for MAT was model 2, which contained direct and maternal genetic effects, and litter effect (Table  3) . Results indicated that maternal effects have a clear impact on MAT. The MAT is the trait with moderate maternal heritability and low direct heritability. In the best univariate model (model 1), the estimate for maternal heritability was 0.189 and for direct heritability was 0.094. Total heritability for MAT was low (0.068) because of the strong negative correlation between maternal and direct genetic effects (−0.60). Litter effect was also large for MAT, as in the best model; proportion of litter variation was 0.31 and probably concealed maternal permanent environmental effects (Table 3) .
Model 1 performed best also for AS, indicating the importance of maternal effects. In model 1, maternal heritability for AS was low (0.03) and direct heritability moderate (0.16). Correlation between direct and maternal genetic effects was negative (−0.35), and therefore, the total heritability for AS was less than direct heritability (0.14). Litter effect varied from 0.087 to 0.111 in different models for AS, whereas maternal permanent environmental effect varied from 0.020 to 0.062. Thus, litter effect covered more of the permanent environment variation in AS.
For LS, maternal effects were not obvious because maternal genetic and maternal permanent environment effects were close to 0 in all models. Also, the model comparison for LS was not as clear as for AS and MAT.
Although model 5 was best according to the Δ i , the difference from the other models was very small, and therefore, several alternative models existed for LS. It is even reasonable to consider that, despite greater Δ i , the simplest model for LS was model 6, which only included animal and litter effects because the maternal effects were close to 0.
Multitrait Analyses
Covariance components between the traits were studied using a 3-trait model. Because of computational limitations, we used model 6, including animal and litter effects for LS, and model 2, including animal, maternal genetic, and litter effects for MAT and AS in multitrait analyses.
Estimates of genetic covariances and correlations between different traits are shown in Table 4 . Most correlations were low or close to 0. The correlation between direct and maternal genetic effects was negative for MAT and AS but was less in multi-trait analyses than in single-trait analyses. Moreover, between MAT and AS, direct and maternal genetic correlations had the opposite sign (Table 4) . Direct genetic effect of MAT had a moderate positive correlation with direct genetic effect of AS (0.169) and a weak negative correlation with maternal genetic effect of AS (−0.101), but it was not significantly different from 0. On the other hand, maternal genetic effect of MAT had a negative correlation with direct genetic effect (−0.179) and a positive correlation with maternal genetic effect (0.081), of AS. With LS, the maternal genetic effect of MAT had a moderate positive correlation (0.215), although the direct genetic correlation was negative (−0.118). For AS and LS, the correlations were always negative.
DISCUSSION
Maternal effects represented a significant source of phenotypic variation in MAT, and maternal genetic heritability was moderate. However, it is necessary to also take into account litter effect in MAT. Ignoring litter effect gave biased heritability estimates. Importance of maternal effects in maturation is supported by the results from previous studies in several species. For example, Fredberg et al. (2006) reported that in minks timing of birth is affected by maternal effects (maternal heritability 0.24), and Sobczyńska et al. (2007) 2 NT = not tested. NS = not significant; *P < 0.05; ***P < 0.001. mated maternal heritability of age at first farrowing in pigs to be 0.21. Maternal effects did not have large influence on LS. Maternal effects on LS traits have been studied in different species and considerable differences exist in the estimates of maternal heritability. Some studies have indicated that maternal genetic effects account for a large proportion of phenotypic variance. For example, in other mink populations, maternal heritability comprised one-half or more of the variation arising from the additive effect of the animal (Rozempolska-Rucińska, 2004; Fredberg et al., 2006) and also in raccoon-dogs (Rozempolska-Rucińska et al., 2006) and soya sheep (Wilson et al., 2005) , maternal genetic effect on LS traits was larger than direct genetic effect. However, in pigs, maternal genetic effect on LS has been quite low (Southwood and Kennedy, 1990; Torres Filho et al., 2004; Sobczyńska et al., 2007) . Sobczyńska et al. (2007) reported that in pigs maternal effects were not significant on LS, litter weight, or survival rate, but significantly influenced first farrowing age.
Covariance between direct additive effect and maternal additive effect was negative in MAT and AS, resulting in fairly strong negative correlations as well. Because of negative covariance, the total heritability for MAT and AS was less than the sum of direct heritability and maternal heritability. Presence of antagonistic relationships between direct and maternal genetic effects for MAT and AS indicates that it can limit genetic improvement of these traits. Antagonistic correlation estimates for additive genetic and maternal genetic effects in BW have been obtained in minks Berg, 1997, 2007) , mice (Eisen et al., 1970) , cattle (Meyer, 1992; Eler et al., 1995) , and pigs (Rodriguez et al., 1994) .
Genetic correlations among MAT, AS, and LS did not lead to easy interpretation. Most correlations were low or close to 0, and SE of the correlations were large. Thus, some of the results are only indicative. Direct genetic and maternal correlations between MAT and AS were positive, but maternal-direct correlations were slightly negative. Between MAT and LS, direct genetic correlation was negative, but maternal correlation was positive. Fredberg et al. (2006) found similar connection between birth date and LS. For AS and LS, all correlations were negative. This indicates that large AS has a negative impact on LS through negative direct and negative maternal genetic effect. Several studies have shown negative genetic correlation between AS and LS in minks (Lagerkvist et al., 1994; RozempolskaRucińska, 2004; Koivula et al., 2008) , but also in other species (Peura et al., 2004 (Peura et al., , 2007 . However, we observed that negative impact can also come through maternal effects.
In conclusion, we find that maternal effects greatly influence MAT in the Finnish mink population and can also influence AS. This can have an impact on selection. Moreover, litter effects were larger than maternal heritabilities for all traits. Therefore, it is crucial to also estimate environmental effects common to littermates for these traits. Direct heritability and response to selection are overestimated for MAT and AS when maternal and common litter effects are not considered.
